INTRODUCTION
The genus Lactobacillus is divided into three groups based on the fermentative abilities of the species (Kandler & Weiss, 1986) . Group I, the obligately homofermentative species, degrade hexoses almost completely to lactic acid and do not ferment pentoses or gluconate. Species of group II are facultatively heterofermentative and produce acetic acid, ethanol and formic acid under glucose limitation, in addition to lactic acid. Pentoses are usually fermented. Group III contains the obligately heterofermentative lacto- Abbreviations : RAPD, randomly amplified polymorphic DNA ; UPGMA, unweighted pair group method with arithmetic averages.
The GenBank accession number for the 16S rRNA gene sequence of strain TV 1018 T is Y18654.
bacilli which ferment hexoses to lactic acid, acetic acid, ethanol and carbon dioxide. Pentoses are fermented to lactic acid and acetic acid.
Group I contains 21 species, divided into two subgroups based on DNA-DNA hybridization (Kandler & Weiss, 1986) . Subgroup 1 includes Lactobacillus delbrueckii (the type species of the genus) and Lactobacillus jensenii (Kandler & Weiss, 1986 (Pot et al., 1994) (Collins et al., 1991 later divided into six genotypic groups based on DNA-DNA hybridization, with the species L. acidophilus in group A1 (Fujisawa et al., 1992) . Groups A2, A3 and A4 contain Lactobacillus crispatus (Cato et al., 1983) , Lactobacillus amylovorus and Lactobacillus gallinarum (Fujisawa et al., 1992) , respectively. Groups B1 and B2 include Lactobacillus gasseri (Lauer & Kandler, 1980) and Lactobacillus johnsonii (Fujisawa et al., 1992) , respectively. In humans, as many as 10(-10) Lactobacillus spp. ml −" have been reported in vaginal fluid (RedondoLopez et al., 1990 (Fernandes et al., 1987 ; Giorgi et al., 1987) .
In this study, we have investigated the relatedness among 21 strains of obligately homofermentative (group I) Lactobacillus spp. isolated from the posterior fornix fluid of the vagina of healthy pre-and post-natal patients and representative strains of L. acidophilus, L. crispatus, L. jensenii, L. gallinarum, L. gasseri and L. johnsonii using both phenotypic and genotypic methods. Based on the results of this polyphasic taxonomic study we propose a new species, Lactobacillus fornicalis.
METHODS
Bacterial strains and growth conditions. Twenty-one strains of lactic acid bacteria were isolated from the posterior fornix secretions of the vagina of 18 healthy patients who attended the pre-and post-natal clinics at the Tygerberg Hospital in Tygerberg, South Africa (Table 1 ). The swabs collected from the patients were immersed in 1 ml sterile physiological salt (Univar) and immediately spread-plated (100 µl) onto MRS agar (Biolab). Colonies were selected from the plates after 2 d incubation at 37 mC. of Go$ teborg, Sweden (CCUG). All strains were cultured in MRS broth (Biolab) at 37 mC.
Numerical analysis of total soluble cell protein patterns.
Cultures were grown in MRS broth (Biolab) for 24 h at 37 mC. Protein isolation and gel electrophoresis were performed as described by Vauterin et al. (1993) . The Gelcompar computer program (version 4.0) of Applied Maths was used to analyse the protein banding patterns. The program recorded the normalized electrophoretic patterns of the densitometric traces, grouped the isolates by the Pearson product moment correlation coefficient (r) and performed UPGMA (unweighted pair group method with arithmetic averages) cluster analysis of the protein bands.
Numerical analysis of randomly amplified polymorphic DNA (RAPD)-PCR profiles. Strains representative of each subgroup within a cluster were selected (Table 1 ). The DNA of these strains was isolated according to the method of Dellaglio et al. (1973) . Three single primers [TGGGCGTCAA (OPL-02), ACGCAGGCAC (OPL-05) and ACGATGAGCC (OPL-11)] were used and the DNA amplification performed according to the methods described by Van Reenen & Dicks (1996) . Lambda DNA, digested with EcoRI and HindIII (Boehringer Mannheim), was used as molecular mass marker. Numerical analysis of RAPD-PCR profiles was done using the  program of SAS Institute, according to the methods described by Van Reenen & Dicks (1996) . ducts were purified by using a Prep-A-Gene kit (Bio-Rad) according to the manufacturer's instructions and were sequenced by using a Taq DyeDeoxy Terminator Cycle Sequencing kit (Applied Biosystems) and a model 373A automatic sequencer (Applied Biosystems). The closest known relatives of the new isolates were determined by performing sequence database searches and the sequences of closely related strains were retrieved from GenBank or Ribosomal Database Project libraries. Sequences were aligned by using the program  (Devereux et al., 1984) and the alignment was corrected manually. Distance matrices were produced by using the programs  and  (using the Kimura-2 correction parameter) (Felsenstein, 1989) . A phylogenetic tree was constructed according to the neighbour-joining method with the program  (Felsenstein, 1989) . The statistical significance of the groups obtained was assessed by bootstrapping (500 replicates) by using the programs , ,  and  (Felsenstein, 1989) .
DNA base composition. DNA was isolated and purified by using the technique described by Dicks et al. (1990) . The GjC content was calculated by using the method of Marmur & Doty (1962) .
Biochemical and physiological tests. The biochemical and physiological characteristics of all strains were determined by using the methods described by Sharpe (1979) . Carbohydrate fermentation characteristics of all strains were determined by using the API 50CHL system. Results were recorded after 48 h at 37 mC.
RESULTS AND DISCUSSION
Twenty-one strains isolated from the posterior fornix fluid of the human vagina grouped into six protein profile clusters at r 0n82, well separated from each other at r 0n67 (Fig. 1) type strain of L. johnsonii (NCIMB 702241 T ) in cluster I at r 0n82. The overall protein profile of strain TG 1025 was, however, different from the other strains in cluster I, as also indicated by its lower clustering at r 0n82. Strain TG 1025 is thus considered an intruder in cluster I, a phenomenon which has been described by Kersters & De Ley (1975) . One strain formed a tight cluster with the type strain of L. acidophilus (ATCC 4356 T , NCIMB 701748 T ) in cluster II at r 0n84, one strain linked with the type strain of L. gallinarum (NCIMB 702235 T ) in cluster III at r 0n93, and two strains grouped with L. crispatus in cluster IV at r 0n82 (Fig. 1) . These groupings were confirmed by numerical analysis of RAPD-PCR banding patterns (Fig. 2) . Strains within each protein profile cluster displayed similar DNA profiles, whereas strains from different clusters displayed unique banding patterns (Table 1) (Table 2) . Acid is produced from amygdalin, cellobiose, fructose, galactose, glucose, maltose, mannose, mannitol, melezitose, ribose, salicin, sorbitol, sucrose and trehalose. Arabinose, lactose, melibiose, raffinose, rhamnose, starch and xylose are not fermented. The GjC content of the type strain is 37 mol % (as determined by the thermal denaturation method). Isolated from the posterior fornix fluid of the human vagina. The type strain is TV 1018 T (l DSM 13171 T l ATCC 700934 T ).
